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A High-Frequency GaInP/GaAs Heterojunction 
Bipolar Transistor with Reduced Base-Collector 
Capacitance Using a Selective Buried ,Sub-Collector 
Yue-Fei Yang, Member, IEEE, Chung-Chi Hsu, Edward S. Yang, Fellow, IEEE, and Hai-Jiang Ou 
Abstract- A C-doped GaInP/GaAs HBT using a selective 
buried sub-collector has been fabricated by two growth steps. The 
device was fabricated with minimum overlap of the extrinsic base 
and the sub-collector region to reduce base-collector capacitance. 
The experiment shows that the base collector capacitance is 
reduced to about half of that of an HBT without selective buried 
sub-collector while the base resistance remains unchanged. A 
current gain of 35, fT of 50 GHz and f,,, of 140 GHz are 
obtained with this technology. 
I. INTRODUCTION 
XTRINSIC base-collector capacitance under the base E ohmic contact region is often a large portion of the 
total collector capacitance (CBC)  which degrades RF per- 
formance for heterojunction bipolar transistors (HBT's). The 
conventional method of reducing the base-collector capaci- 
tance makes use of either H+ or 0' implantation into the 
extrinsic collector region [I], [2]. However, there still is 
a significant contribution from the capacitance between the 
extrinsic base and the sub-collector to CBC. The deep H+ 
implantation to sub-collector layer gives rise to significantly 
reduction in CBC [3], but it also increases the base resistance. 
This paper reports a GaInP/GaAs HBT with the reduced 
extrinsic base-collector capacitance using a selective buried 
sub-collector (SBSC) layer. The HBT is grown on the selective 
buried sub-collector mesa. The active HBT region is made on 
the sub-collector layer and the base contact region is formed on 
the lightly doped collector layer above the SI GaAs substrate. 
The collector layer under the base contact region is depleted 
under bias so that the extrinsic base-collector capacitance is 
substantially reduced and the maximum oscillation frequency 
is significantly increased. 
11. DEVICE FABRICATION 
The schematic cross section of the fabricated device is 
shown in Fig. 1. A 4000-A sub-collector layer is first grown 
on an SI GaAs substrate followed by chemical etching to form 
a sub-collector mesa. By using sulfuric acid based etchant 
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[4], the sub-collector mesa has the shape of a trapezoid. 
The HBT structure is then regrown starting from the lightly 
doped collector layer to the emitter cap layer after cleaning. 
Epitaxial growth was performed in a commercial (Aixtron) 
MOVPE reactor. The growth conditions were the same as 
those reported earlier [SI. The n-type and p-type dopants are 
Si and C, respectively. The regrown HBT structure consists 
of a 5000-8, GaAs collector layer (n = 3 x 10l6 ~ r n - ~ ) ,  
a 1000-8, GaAs base layer 19 = 6 x lo1' cm-'), a 500-w 
GaInP emitter layer (n = 3 x cm-')), a 1500-8, GaAs 
emitter cap layer (n = 4 x 10" cmP3> and a 600-A graded 
In,Gal-,As (z from 0 to 0 5 )  contact layer (n = 5 x 10" 
~ m - ~ ) .  A conventional GaInP/GaAs HBT without SBSC was 
also grown and fabricated as a control sample. The base sheet 
resistance of 200 WO was measured. 
Devices were fabricated using the mesa structure and self- 
aligned techniques as described in [6]. The key difference for 
making the HBT with SBSC is that the active HBT is on the 
sub-collector region and most of the base contact is formed 
outside of the sub-collector rcgion. Fig. l(b) shows the layout 
for the HBT with SBSC. The same layout is also employed for 
making the HBT without SBSC. In order to minimize the base 
resictance, the base contact is made surrounding the emitter 
mesa, but the overlap of the base contact and the sub-collector 
region is only along the half periphery of the emitter mesa 
with the width of 1 pm. HBT's have an emitter mesa area of 
3.5 x 11.5 pm2 and a base inesa size of 13 x 16 pm2. The 
collector metal surrounds and self-aligns with the base mesa. 
111. RESULTS AND DISCUSSION 
Fig. 2 shows the current-voltage curve for HBT's with and 
without SBSC. The two sets of IV characteristics are almost 
identical. A current gain of 35 and a BV,,, of 10 V are 
obtained for both devices. The same values of gain and BV,,, 
indicate that the regrown matlxials are of high quality and the 
regrown interface between the sub-collector and the collector 
does not degrade the device performance. 
Microwave measurements were made with an HP8510B 
network analyzer and cascade microwave probes in the fre- 
quency range from 100 MHz to 20 GHz. The base-collector 
capacitance and parasitic res1 stance were extracted using the 
method of Pehlke [7] .  The culrrent gain (lh21\), maximum sta- 
ble gaidmaximum available gain, (MSGMAG), and unilateral 
gain (U) as a function of frequency for the HBT with SBSC 
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without SBSC. 
Common-emitter I V  curves for HBT's (a) with SBSC and (b) 
is shown in Fig. 3(a). A cutoff frequency ( f ~ )  of 50 GHz and 
a maximum oscillation frequency (fmaxu) of 140 GHz are 
obtained, respectively, at V, of 2.5 V and J ,  of 2.2 x lo4  
A/cm2. Fig. 3(b) shows .fmaxu, f T  and extracted CBC versus 
collector current density for HBT's with and without SBSC 
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Fig. 3. (a) lh211, MSGMAG and U as a function of frequency for the HBT 
with SBSC at ITcs of 2.5 V and J ,  of 2 .2  x l o4  Akm'; (b) f m a x ~ ,  f ~ ,  and 
extracted CBC versus .7, for HBT's with SBSC (solid lines with symbols) 
and without SBSC (dashed lines with symbols) at V,, of 2.0 V. 
at V,, = 2.0 V. The typical values of CBC are 31 and 65 fF 
for HBT's with and without SBSC, respectively, at V,, of 
2.0 V and J ,  of 2.2 x lo4 A/cm2. The value of CBC for the 
HBT with SBSC is reduced to more than half of the HBT 
without SBSC. About 40-50% increase in fmaxu  and fmaxG 
[not shown in Fig. 3(b)] for the HBT with SBSC is observed 
at J ,  < 3 x lo4  A/cm2. 
In order to check whether the capacitance under the base 
contact region makes large contribution to CBC at low bias, 
we have measured CBC versus Vbc. The results show that 
the value of C ~ C  for the HBT with SBSC is always about 
half o f  that of the HBT without SBSC even at zero bia5. 
From simple calculations using depletion approximations, the 
collector depletion thickness is 2370 8, at Vcb of 0 V. We can 
assume a built-in potential of 0.64 eV at the interface between 
the semi-insulating GaAs substrate and n-GaAs collector, 
because the Fermi level of the semi-insulating GaAs substrate 
is at mid-gap [SI, [9] and the Fermi level of the n--GaAs 
collector is at 0.06 eV below the conduction band. The 
band bending of the interface creates a depletion layer of 
approximately 1600 A in the collector. Hence, most of the 
collector layer is depleted and the capacitance under the base 
contact region makes negligible contribution to the total CBC 
at zero bias. 
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Despite of the reduction of CBC, the vales of f.r. for the 
HBT with SBSC are only 10-20% higher than that of the 
HBT without SBSC at J ,  < 2 A/cm2 as seen from Fig. 3(b). 
This is because the cutoff frequency of an HBT is not only 
dependent on the emitter and collector RC charging times 
but also dominated by base and collector transit times. In 
addition, the collector resistance of 10 R for the HBT with 
SBSC is about twice that of 5 62 for the HBT without SBSC, 
because the collector contact area for the HBT with SBSC is 
only half of that of the HBT without SBSC [Fig. l(b)]. The 
base resistances are similar for both devices with values of 6 
and 6.5 51 for HBT’s with and without SBSC, respectively. 
From the relation of fmax and C B ~ ,  if fT and Rb are fixed, 
a 50% reduction in C ~ C  results in a 41% increase in fmax. 
Our results show a 40-50% increase in fmax. Considering the 
slightly higher f~ and lower Rb of the HBT with SBSC, a 50% 
increase in frrlax is reasonable. It is also noted from Fig. 3(b) 
that fmax and f~ decrease for HBT’s at high current region 
due to Kirk effect. However, CBC for the HBT with SBSC 
increase faster causing a rapid decrease of fmax and f~ after 
the onset of Kirk effect. The reason for the more pronounced 
Kirk effect is not understood at present. 
IV. CONCLUSION 
The selective buried sub-collector provides an effective 
technique for reducing the extrinsic base-collector capacitance 
while keeping the base resistance uncharged for a GaInP/GaAs 
HBT. A 50% reduction in CBC and a 40-50% increase in fmax 
are observed with this technology. A maximum oscillation 
frequency of 140 GHz and a cutoff frequency of 50 GHz have 
been obtained. 
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